ABSTRACT The response to inhaled methacholine is increased in patients with chronic airflow obstruction, but it is not known whether this is due to true hyperresponsiveness or is a result of the airflow obstruction. In asthmatics the response to methacholine correlates with the bronchoconstriction produced by hyperventilation of cold dry air. We studied 27 patients with a history of smoking and chronic bronchitis with a range of severity of airflow obstruction. Bronchial responses to methacholine (expressed as the provocation concentration causing a fall in FEV1 of 20%-PC20) and isocapnic hyperventilation of cold dry air were measured. In 19 patients the PC20 was less than 8 mg/ml (that is, in the asthmatic range) but only three developed bronchoconstriction in response to hyperventilation. There was a linear correlation between the log PC20 and the FEV, (r = 0O86, p < 0.001). The results suggest that in patients with chronic airflow obstruction the response to methacholine is determined by the degree of airflow obstruction, and cannot be used in the diagnosis of asthma in the absence of additional information. 
The response to inhaled methacholine is increased in patients with chronic airflow obstruction.' It is not known, however, whether this represents a true increase in bronchial responsiveness or whether it reflects an apparent increase secondary to the airflow obstruction.67 Appropriate interpretation of responses to methacholine inhalation tests in the presence of airflow obstruction is necessary if the test is to be used in epidemiological studies or for the diagnosis and assessment of the severity of asthma. In addition, we may improve our understanding of underlying mechanisms in airflow obstruction.
In asthmatic patients methacholine bronchial responsiveness correlates with responsiveness to isocapnic hyperventilation of cold air.8 9 The increased responsiveness of the airway can therefore be demonstrated by tests which depend on two different mechanisms. The demonstration of a correlation between responsiveness to methacholine and cold air in patients with chronic airflow obstruction would support the presence of bronchial hyperresponsiveness. Alternatively, a correlation between the response to methacholine and the degree of airflow obstruction, together with a lack of correlation with the response to hyperventilation of cold air, would confirm the importance of obstruction, and suggest that there may not be true bronchial hyperresponsiveness. We therefore compared the response to methacholine with the response to isocapnic hyperventilation of cold air in patients with chronic bronchitis having a range of severity of airflow obstruction.
Methods

SUBJECTS
Twenty seven patients attending the Firestone Regional Chest and Allergy Clinic were selected by their availability and willingness to enter the study (table 1) . All had a history of cigarette smoking, with the development of cough and sputum in adult life. Fourteen were current smokers, with cough and sputum on most days for at least three months for two consecutive years.'0 Nine were ex-smokers who Bronchial responsiveness in chronic bronchitis There was a linear correlation between the log PC20 and the degree of airflow obstruction, whether this was expressed as FEVy (1) the airflow obstruction the greater was the increase in bronchial responsiveness to methacholine (that is, the lower was the PC20).
The relationship between bronchial responsiveness to methacholine and cold air in asthmatic patients is such that we expected most of the patients with a PC20 of less than 8 mg/ml to develop bronchoconstriction in response to hyperventilation of cold air. Only three subjects, however, (Nos 10, 12 and 16), developed bronchoconstriction and had a measurable PD1O which was associated with symptomatic chest tightness (table 2). In the remaining 16 patients with a PC20 in the asthmatic range there was a discrepancy between the bronchial responsiveness to methacholine and cold air. Thirteen of these patients achieved sufficient RHL to produce a bronchoconstrictor response in asthmatics with a similar PC20 (table 2). The three patients with a PC20 greater than 5 mg/ml did not achieve sufficient RHL, but this is not an unusual finding in cases of mild asthma.
The three patients who developed bronchoconstriction in response to cold air all had a greater response to methacholine than the others with a similar amount of airflow obstruction (fig methacholine was determined partly by the airflow obstruction and partly by true bronchial hyperresponsiveness. It seemed possible that 17 patients had asthma as well as chronic bronchitis since they had atopy, eosinophilia, a bronchoconstrictor response to RHL, or an increase in FEV, of more than 15% after treatment with salbutamol or steroid (tables 1 and 2). Data on the remaining 10 patients (Nos 2, 7, 8, 13, 15, 18-20, 22, 23) were therefore analysed as a separate group. There was a strong linear relationship between log PC20 and FEV1 (1), (r = 0 90, p < 0-001). There was no significant difference between this regression line (slope or intercept) and that of the group as a whole (p > 0 5).
Discussion
This study has confirmed that the bronchial response to inhaled methacholine is increased in patients with chronic bronchitis when airflow obstruction is present. In addition, the degree of hyperresponsiveness correlated well with the degree of airflow obstruction. Unlike asthmatics, however, most patients did not develop bronchoconstriction in response to Ramsdale, Morris, Roberts, Hargreave RHL-that is, there was a discrepancy between the bronchial response to methacholine and R.HL. We interpret these findings as support for the hypothesis that the increased response to methacholine in these patients is due primarily to the airflow obstruction, and that the lack of response to RHL reflects the absence of true hyperresponsiveness of the airway.
The presence of an increased response to methacholine in the absence of a bronchoconstrictor response to RHL requires an explanation, especially since in asthmatics there is a good correlation between responses to the two tests.89 We suggest, as have others,67 that the apparent hyperresponsiveness to methacholine is a reflection of the decreased airway calibre. There are several ways in which a reduction in FEV, could cause an increased responsiveness to a contractile agent.6 A given small change in the length of a smooth muscle cell will cause a larger proportional change in the diameter of a small airway than a large one. In addition, owing to Poiseuille's Law, as the airway narrows, a small change in the radius will result in a much larger increase in resistance, and decrease the airflow proportionately more. As the FEV, decreases, the absolute change in litres that corresponds to a 20% fall also decreases. This will magnify any measurement errors. In an attempt to minimise this latter problem, we included mainly patients with an FEV, greater than 1 litre. Finally, the change in deposition of the aerosol from peripheral to central in the presence of airflow obstruction may also increase the response when FEV, is used as the index of bronchoconstriction.20 In contrast to the response to methacholine, the decreased calibre of the airway did not alter the airway response to respiratory heat loss. This lack of response to respiratory heat loss in chronic airflow obstruction, despite responsiveness to prednisone and bronchodilators, has been reported recently.2' In this regard the patients with chronic bronchitis were responding as normal subjects, who do not develop bronchoconstriction in response to respiratory heat loss. This implies that the cold air has no inherent contractile properties, and that predisposing factors are present in asthmatic airways which promote the bronchoconstrictor response. The mechanism has not been established, but may be due to increased responsiveness of the muscle itself, easier release of mediators, or both.22 24 Whether the response to methacholine in patients with chronic airflow obstruction is determined by the level of airway function, or whether bronchial hyperresponsiveness leads to the development of obstruction, cannot be answered without a longitudinal epidemiological study. Unfortunately a previous study,26 which showed a relationship between bronchial responsiveness and the rate of decline in FEV,, measured the responsiveness at the end of the study period, and no conclusion can be drawn about cause and effect.
917
In summary, this study has showed that in chronic bronchitis the response to methacholine is related to the degree of airflow obstruction. This suggests that in the absence of additional information an increase in bronchial responsiveness to methacholine cannot be used to diagnose asthma in the presence of chronic airflow obstruction. The hypothesis that the presence of a bronchoconstrictor response to respiratory heat loss in patients with chronic airflow obstruction reflects true bronchial hyperresponsiveness requires further investigation. Further studies are needed to investigate the relationship between obstruction and true bronchial hyperresponsiveness.
